Introduction
============

Pulmonary tuberculosis has emerged again in recent years ([@b1-etm-0-0-3337]). In China, approximately 300,000--500,000 cases of primary pulmonary tuberculosis are reported annually (?). In addition, due to insufficient, excessive or non-standard use of chemotherapeutic drugs, the incidence of secondary and recurrent pulmonary tuberculosis are on the increase ([@b2-etm-0-0-3337]). Pulmonary tuberculosis causes a heavy burden on the nation in terms of loss of healthy workforce, increase in health care expenses and significantly reducing the quality of life in patients with pulmonary tuberculosis. Pleural tuberculosis is increasingly being diagnosed and clinically confirmed using CT-guided percutaneous pulmonary paracentesis technology ([@b3-etm-0-0-3337]). Since most of the tumors of pleural tuberculosis have thicker walls that affect the permeation of drugs into the diseased tissues, the effect of chemotherapy is usually extremely poor.

Concerning the effectiveness of the treatment, contrasting results have been reported. Wang *et al* ([@b4-etm-0-0-3337]) suggested that, the effects of conventional standard chemotherapy regimen, or extended chemotherapy are not ideal, whereas, Zeng *et al* ([@b5-etm-0-0-3337]) suggested that, with the original and unchanged drug regimen, the treatment can be effective. A recent study ([@b6-etm-0-0-3337]) identified that, application of CT or B ultrasound-guided percutaneous pulmonary paracentesis and tuberculoma perfusing chemotherapy is safe and effective. However, there are few studies available to support those results.

Therefore, the study was conducted to compare the safety and effectiveness of two CT-guided percutaneous pulmonary paracentesis and tuberculoma perfusing chemotherapy.

Patients and methods
====================

### Patients

In total, 60 subjects that were diagnosed with pleural tuberculosis at the Hebei Chest Hospital between February 2010 and February 2014 were prospectively recruited for this study and were considered as experimental subjects. Seventy pleural tuberculosis patients who underwent standard or extended chemotherapy between February 2006 and February 2010 were selected to serve as the control group. The symptoms included thoracalgia, low-grade fever, cough and hemoptysis. The presence of pulmonary tuberculosis in patients was confirmed by CT plain scan + enhanced diagnosis, or tissue extraction of CT or B ultrasound-guided percutaneous pulmonary paracentesis. The inclusion criteria for this study were: i) Simple pleural tuberculosis; ii) age ≥18 and \<70; and iii) no previous treatment for pleural tuberculosis. The exclusion criteria for this study were: i) Simple pleural tuberculosis with comorbid conditions such as tuberculous pleuritis, pleural effusion, lung cancer, and serious organ dysfunctions of heart, liver and kidney; ii) allergic or intolerant to chemotherapeutic drugs; iii) pregnant or lactating women; and iv) poor compliance and patients discontinuing voluntarily from participating in the study.

The experimental group comprised 37 male and 23 female patients, with an age range of 26--57 years and an average age of 43.5±10.6 years. The courses of the disease ranged from 1 to 24 months, with the average of 8.9±2.4 months. Thirty-nine patients had tuberculoma on their left and 21 patients had on tuberculoma on their right. The control group comprised 42 male and 28 female patients, with an age range of 23--60 years, and an average age of 44.6±12.3 years. The course of disease ranged from 2 to 23 months, with an average of 8.7±2.2 months. Forty-five patients had tuberculoma on their left and 25 patients had tuberculoma on their right.

The study was approved by the ethics committee of Hebei Chest Hospital. Signed written informed consent was obtained from all the participants prior to the study.

### Patient treatments

Patients in the experimental group were provided with ≤3 courses of CT-guided percutaneous pulmonary paracentesis and tuberculoma perfusing chemotherapy and each course comprised of 0.1 g isoniazid, 0.5 g kanamycin, 0.2 g levofloxacin, 1 ml lidocaine, once a week, four times. Siemens 16 rows spiral CT machine (Siemens, Munich, Germany) was used to determine the puncture point, prostration or prone position and quiet respiration. Two types of biopsy needles of 20 and 22 G size (Arrow, Reading, PA, USA) were used to determine the depth and angle of the puncture. At the end of treatment, needles were withdrawn, disinfection, hemostasis and wound coverage were performed.

Patients in the control group received whole-body standard or extended chemotherapy regimen 3\~6HRZE(S)/6\~12HR.

### Observation indices

The diameter of tuberculoma after 6, 12 and 18 months of treatment were determined using CT. Based on variations in the diameter of tuberculoma, they were classified as disappeared (no observable tuberculoma), clearly shrunk (70% of diameter shrunk), moderately shrunk (50 to \<70% diameter shrunk), mildly shrunk (30 to \<50% diameter shrunk) unchanged, and expanded (\<30% diameter shrunk). The total effective rate of the treatments were estimated at the end of follow up of patients using the following formula: Total effective rate = (no. of patients with tuberculoma disappeared/clearly shrunk/mild/moderate/unchanged)/total no. of patients × 100. The duration of drug treatment was estimated as: the number of days between first drug consumption for pleural tuberculosis to end of course or disappearance of tuberculoma or patients voluntarily discontinuing consuming drugs and further treatments or the end of follow-up. The functional damage to the liver, kidney and digestive system, optic neuritis, continuous and intermittent fever were all considered as drug-related complications. Liver damage was considered when alanine transaminase (ALT) was 2-fold higher than normal or above and lasting for two weeks. Kidney damage was considered when creatinine was 1.5-fold higher than normal or above and lasting for one week. The existence of difficulties in eating, emesis, diarrhea, or malnutrition was considered as damage of the digestive system. Wound infection, fever, pleural reaction, thoracalgia, and severe cough were considered as surgically acquired complications.

### Statistical analyses

SPSS 19.0 software (IBM, Armonk, NY, USA) was used for the statistical analysis of results. The results were presented as mean ± standard deviation. The Student\'s t-test was applied to compare the groups. P\<0.05 was considered statistically significant.

Results
=======

The age, gender, duration of treatment, location of tuberculoma were compared between the experimental and control groups, and no significant difference (P\>0.05) was found.

### Diameter of tuberculoma

No significant difference was observed in diameters of tuberculoma between the experimental and control groups prior to undergoing treatment (P\>0.05). However, the diameter of tuberculoma in patients of the experimental group during 6, 12 and 18 months was significantly shorter than that of patients in the control group (P\<0.05). However, diameters of tuberculoma in the two groups, irrespective of treatment started to shrink and the shrinking reached maximum after 12 months and no observable shrinking or mild shrinking was evident after 18 months. The duration of the treatment in the experimental group was also significantly shorter than that of the control group (P\<0.05; [Table I](#tI-etm-0-0-3337){ref-type="table"}).

### Total effective rate

The total effective rate of the experimental group was significantly higher than that of the control group, and this difference was statistically significant (P\<0.05; [Table II](#tII-etm-0-0-3337){ref-type="table"}).

### Frequency of drug-related complications

The frequency of drug-related complications in patients of the experimental group was significantly lower in comparison with that of patients of the control group (P\<0.05). The major drug-related complications observed in the two groups were liver, kidney and digestive system damage ([Table III](#tIII-etm-0-0-3337){ref-type="table"}).

Other minor complications such as wound infection in 1 patient, fever in 38 patients, pleural reaction in 1 patient, thoracalgia and severe cough in 2 patients were observed in the experimental group. The patients with the above acquired conditions were provided with curative treatment.

Discussion
==========

Pleural tuberculosis occurs in proliferating fibrous connective tissue, pleural adhesions and caseous necrosis lesions that gradually appear in pleural tuberculosis lesions, as well as parts of lesions absorb, condense and become caseous briquettes encapsulated by fibrous tissues, which are easy to be confused with encapsulated pleural effusion ([@b7-etm-0-0-3337]). For patients with clear medical histories of pleurisy disease, the duration of being infected with pleural tuberculosis is \~3 months to 2 years. It was identified ([@b8-etm-0-0-3337]) that the appearance of pleural tuberculosis is probably associated with the treatment condition of pleurisy, among which patients without timely treatment to pleurisy account for 56%, patients without a standard regimen of anti-tuberculosis account for 50%, patients without the use of glucocorticoid account for 60%, and patients without the standard use of glucocorticoid account for 20%.

The mechanism of development of pleural tuberculosis remains to be elucidated. Based on currently available information, the mechanism underlying pleural tuberculosis is associated with these factors ([@b7-etm-0-0-3337],[@b9-etm-0-0-3337]--[@b11-etm-0-0-3337]): i) Allergic effusion or immune defense disorders of organism and the gradual expansion of proliferation of *mycobacterium tuberculosis* or caseous lesions prior to undergoing standard treatment, formation of caseous necrotic briquettes encapsulated by fibers; ii) tuberculous pleurisy is encapsulated through pleural effusion absorption, which forms caseous spherical or briquette lesions encapsulated by fibrous tissues after further concentration; iii) *mycobacterium tuberculosis* reach pleura by hematogenous spread or lymphatic system spread, which forms tuberculous granulation and then caseous necrosis occurs, followed by limited fiber encapsulation; iv) caseous necrosis and liquidation occur in sub-pleural lymph gland and break into pleural cavity to cause pleurisy. Pleurisy absorbs left pleural adhesions; tuberculous lesions which originally occurred under pleura are encapsulated and condensed by fibrous connective tissues to form pleural tuberculosis; v) the early, sufficient and combined application of anti-tuberculosis drugs lowers human body\'s inflammatory reaction to pathogenic bacteria and the role of fibrinolytic enzyme, which results in effusive pleurisy concentration, drying and further forms tumors of pleural tuberculosis; and vi) non-timely and non-standard treatments to pleurisy and unreasonable use of hormones are important reasons for the formation of tumors of pleural tuberculosis.

The pathological changes of pleural tuberculosis includes, granulomatous inflammatory reaction and coagulative necrosis or caseous necrosis and the proliferation of lymphocytes, epithelioid cells, accompanied by Langhans giant cells and fibrous tissues with a high positive rate in pathological detection ([@b12-etm-0-0-3337]). Therefore, percutaneous lesion paracentesis biopsy is considered the simplest and most effective diagnostic method ([@b13-etm-0-0-3337]). CT-guided percutaneous pulmonary paracentesis and tuberculoma perfusing chemotherapy allow chemotherapeutic drugs to reach the interior of lesions directly, leading to a high local drug concentration, which can result in the tissue necrosis and liquidation of tuberculoma, shrinkage and even elimination of tumors of tuberculoma, and relatively good short-term effects ([@b14-etm-0-0-3337],[@b15-etm-0-0-3337]). This method has become the effective supplementary treatment of whole-body anti-tuberculosis medical chemotherapy. Nevertheless, its long-term effects and whether it can replace surgical treatment remain inconclusive ([@b16-etm-0-0-3337]).

In the present study, it was identified that: i) The diameters of tuberculoma of patients in the observation group after 6, 12 and 18 months were significantly shorter than those of patients in the control group; ii) the total effective rate of the observation group after 18 months was significantly higher than that of the control group; iii) the duration of treatment of patients of the observation group was significantly shorter than that of the control group; and iv) the frequencies of drug-related complications was significantly lower than that of the control group. In addition, no serious invasive treatment-associated complications were identified in the observation group.

In summary, treatment for pleural tuberculosis with CT-guided percutaneous pulmonary paracentesis and tuberculoma perfusing chemotherapy is safe and effective, which has relatively greater value for clinical promotion.

###### 

Diameters of tuberculoma during different time periods.

  Group               Prior to treatment   6 months   12 months   18 months   Duration of treatment
  ------------------- -------------------- ---------- ----------- ----------- -----------------------
  Control             3.9±0.6              3.2±0.7    1.8±0.5     1.5±0.4     13.7±1.4
  Experimental        4.2±0.7              2.1±0.5    0.9±0.3     0.8±0.2       2.4±0.5
  Student\'s t-test   0.957                4.517      4.926       5.102       6.857
  P-value             0.632                0.036      0.033       0.029       \<0.001

###### 

Total effective rate at the end of patient follow up.

  Groups         Patients   Disappeared   Clearly shrunk   Moderately shrunk   Mildly shrunk   Unchanged or expanded   Total effective rate, no. (%)
  -------------- ---------- ------------- ---------------- ------------------- --------------- ----------------------- -------------------------------
  Control        70         6             14               29                  14              7                       49 (70.0)
  Experimental   60         10            19               22                  6               3                       51 (85.0)
  χ^2^ test                                                                                                            4.095
  P-value                                                                                                              0.043

###### 

Comparison of drug related complications.

  Group                Patients   Liver damage   Kidney damage   Digestive system damage   Optic neuritis   Others   Total effective rate, no. (%)
  -------------------- ---------- -------------- --------------- ------------------------- ---------------- -------- -------------------------------
  Control group        70         9              5               9                         1                1        25 (35.7)
  Experimental group   60         4              2               4                         1                1        12 (20.0)
  χ^2^ test                                                                                                          3.918
  P-value                                                                                                            0.048
